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Symmetry product analysis U(m)*Sn tensors

(Int.J.Mol.Sci, 14, 714(2013) p.755-774 , OTCA Unit 7 Ch. 23-26 )
(PSDS-Ch. 5,7)
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Clebsch-Gordan Coefficients
Hydrogen hyperfine structure: Fermi-contact interaction
plus B-field gives avoided crossing
Higher-J product states
(J=1)Q(J=1)=281D0 case
General U(2) case
Multi-spin (1/2)Y product states
Magic squares - Intro to Young Tableaus
Iensor operators for spin-1/2 states: QOuter products give Hamilton-Pauli-spinors
lensor operators for spin-1 states: U(3) generalization of Pauli spinors
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Spin-spin (1/2)? product states: Hydrogen hyperfine structure

electron-proton spin-spin interaction gives a simple example of hyperfine spectra

Ket-kets for spin-up and spin-dn states and column matrix representations..
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Spin-spin interaction reduces symmetry U(2)Proronx U(2)¢lectron to U(2)ep
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Hydrogen hyperfine structure: Fermi-contact interaction

Racah's trick for energy eigenvalues
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Hydrogen hyperfine structure: Fermi-contact interaction + B-field
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Higher-J product states
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Higher-J product states

(S=)QU=1)=29 10 case V) (b) Mixed Configuration
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Figure 24.1.3 Atomic SHIL multiplet levels for two (1 = 1) p electrons.
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Mughesqglipreduct skates to Young Tableaus

(J=D)SI=1) =2 1B 0 case (a) Carbon (2p)2 (ev)| (b) Mixed Configuration
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Figure 24.1.3 Atomic SHIL multiplet levels for two (1 = 1) p electrons.
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Higher-J product states

(J=D)SI=1) =2 1B 0 case (a) Carbon (2p)2 (ev)| (b) Mixed Configuration
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Figure 24.1.3 Atomic SHIL multiplet levels for two (1 = 1) p electrons.

Pauli-Fermi selection rules
requires total anti-symmetry
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Higher-J product states
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Figure 24.1.3 Atomic SHIL multiplet levels for two (1 = 1) p electrons.

2 2 2 2 2| 1 1 1] 0
® 1/2 1 0 -1 2| 1 0 -1]0 -8 |
1 11 -
10| & = 'S
V2 V2 /
1 -1 L L L / 2 |
1 V6 1 V2 V3 / 'P forbidden
L B Y / D
2
0 0 SN _ L (2p)- / -10
V3 _(—’ —
0 -1 -L L \
V2 V2 v 3Sforbidden
-1 1 1 1 1 |\
J6 2 V3 \ 3 -11
10 L _L v P —
G G '
-1 - . 1 .
3D forbidden_1
Pauli-Fermi selection rules
requires total anti-symmetry
. \ ® W
(@) Fundamental Ak (b)Symmetric  (c)Anti-symmetric 3
P-triplet [10] |P~2 S sextet [20] P-triplet [11] A3
= |+ 2[3] . 13
B[

\D P octet [21]

5
3 TI S singlet
I/ v \ ‘ |
1] 1 T 1121 [111]
i . 4? /‘2
I 1111 |
0-3 [2 /

43-—| (e)Anit-
symmeltric

3] (d)Para-symmetric

| s

Friday, May 3, 2013



Higher-J product states

(J=1D)R(J=1)=281%0 case
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General U(2) case

my my

h (2], +1)

jl j2 j3 :(_1)j1—j2—m3 le B2 J3
m, m, my

(a) Carbon 2p)? (v)| (b) Mixed Configuration

-8
IS IS
/ 9 /
// P forbidden // Ip
/ | /
/ 1 17 1
Qo2 /. D 0| (2p3p) /. D
\ . v 39
v S forbidden "
‘\ -11 “\
v 3P —] ‘\\_ 3P
\
\
3D forbidden_1 “ 3D

Figure 24.1.3 Atomic SHIL multiplet levels for two (1 = 1) p electrons.

Pauli-Fermi selection rules
requires total anti-symmetry

Wigner 3] vs. Clebsch-Gordon (CGC)
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Higher-J product states

(J=1)R((J=1)=20160 case

(a) Carbon 2p)? (v)| (b) Mixed Configuration
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Figure 24.1.3 Atomic SHIL multiplet levels for two (1 = 1) p electrons.

Pauli-Fermi selection rules
General U(2) case requires total anti-symmetry

(jl J s ):(_1)111'2"13 Ci ki /(2]~3 +1)% Wigner 3j vs. Clebsch-Gordon (CGC)
3
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Higher-J product states

I j3:j1_|_j2

]'1@]'2 /E]3zjl+]2—1 P
/[ JB3=J1+J2-2

j3:|j1—j2+1|! 9'
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Figure 24.1.6 Level-splitting and vector-addition picture of angular-momentum coupling.
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Higher-J product states
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Figure 24.1.7 Angular-momentum cone picture of Clebsch-Gordan coupling amplitudes.
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Higher-J product states
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Figure 24.1.8 Clebsch-Gordan coefficients plotted next to their angular-momentum cones.

Figure 24.1.7 Angular-momentum cone picture of Clebsch-Gordan coupling amplitudes.
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Higher-J product states
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Figure 24.1.8 Clebsch-Gordan coefficients plotted next to their angular-momentum cones.

Figure 24.1.7 Angular-momentum cone picture of Clebsch-Gordan coupling amplitudes.
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Multi-spin (1/2)N product states
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Multi-spin (1/2)N product states
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Multi-spin (1/2)N product states
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Multi-spin (1/2)N product states
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Multi-spin (1/2)N product states
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Multi-spin (1/2)N product states
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Multi-spin (1/2)N product states
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Multi-spin (1/2)N product states
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Multi-spin (1/2)" product states
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Multi-spin (1/2)N product states
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3/2 1/2
>‘. 1/2

)
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Multi-spin (1/2)N product states

S=2 5/21/22 5/2 ”2 5/21/2 l 5/2 ll/2
Mo =1 =Cin 121 172 /B +C33 i /2 1/2
5=
3/21/2 2 II 3/2 Ill/z 3/21/2 2 :I 3/2 l1/2
+Cij2 12 1 1 172 /|2 +C32 i1 0 /3 12
112 j+12 Jtm+1 12 j+12 J—m 2 1
Chi = \’ 2i+1 Coret 112 moin™= 2j+1 C13/22 ig = \/; C13//22 ig = \/;
: example:
CH 2 2 ]_m+1 A2 2 _ Jtm+2 C52 12 2_ _\/I Cc12 12 2:\/2
m  1/2 m+1/2— 2]+ 3 m+1 —=1/2 m+1/2 2]+ 3 172 12 1~ 3 172 1/2 1 3
(a) Permutation | o (b) Spin
U(N)DSN 1 8 U(2)2S8) g8 8
Multiplicity ! L 3% Multiplicity 7 77
1 6 27 S—rq.t 6 6 6
plow] 5 20 s 0T
1 4 14 48 4 4 4 4
1 3 9 28 90 33 3 3 3
1 2 5 14 42 2 2 2 2 2
1 2 5 14 42 1 1 1 1 1 [7 0] 2S+1 9
T 2 3 4 5 6 7 8 9 10 N-\T2 3 4356 7 89 ¢
N D[:I6:(I):]ED 25+1= 8
(c) Combined (=] 6[71] 7 N/2 (s] ]
— _ _ Uyt |
UNxU(2) T ,<25“ N s =X 0%
Multiplicity %:E]j St I=6 E[El:ll]:lj 25+ 7= e HFH
[ 11 (=1 (>-1=5 (16.21=2 N+2S N-2S
Jy’ IO A )5+]=5 EF'I' 25+1=5 2S+ =5 N/2 [ ,
<+——> /[3,0]1=; /4.1]= _ 2 2S+1 g 2
N-28 B =
EALTAR o 25+1=4 X\ HH 28+1= 4 2S+1 4 S
2 5[2,0]:1 4[3,1]:3
= 25+1=3 EF' 2S+1=3 2 +1
/6[1,0]:1 2,1]— < S 2 < S f 3] ] 2S+1 3
285+1=2 285+1=2 25+1=2 25+1=2
—1/ 0122 —2/ 13.3]= / [44
2S+]—] 28+1=1 25+1_1 2S+1—1
21=7 22=4 23=8 2¢4=16 29=32 20=64 27=128 28=128

Fig. 23.3.2 Spin-1/2 and U(2) Tableau branching diagrams
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Magic squares - Intro to Young Tableaus

S=2 5/21/22l 5/2 1/2 5/21/2 l 5/2 ll/2
Mo =1 =Cin 121 172 /B +C33 i /2 1/2
5=
+C3/2 1/2 2 :I l l 3/2 Ill/z +C3/2 1/2 2 :I 3/2 l1/2
1/2 1/2 1 ] 1/2 1/2 3/2 -1/2 1 :| 1/2 1/2
112 j+12 Jtm+1 12 j+12 J—m 2 1
Chi = \, 2j+1 Chai 1 = 2j+1 C13/22 ig = \/; C13/22 ig = \/;
: example:
C 12 2 ]_m+1 A2 2 _ Jtm+2 C32 2 2 _\/I 31212 2:\/2
| m  1/2 m+1/2— 2]+ 3 m+1 —=1/2 m+1/2 2]+ 3 172 12 1~ 3 172 1/2 1 3
(a) Permutation 1 o (b) Spin 9 9
U(N)DSN 1 8 U(2)2S8) g8 8
Multiplicity ! L 3% Multiplicity 7 77
] 1 6 27 0S—2gs] 6 6 6 2131415
plow] 5 20 75 B 5 5 5 5 1121314
1 4 14 48 4 4 4 4
1 3 9 28 90 3 3 3 3 3 514 3]|2
1 2 5 14 42 2 2 2 2 2 a2l 30211
1 2 5 14 42 1 1 1 1 1 [7 0l 2S+1 9
T 2 3 4 5 6 7 8 9 10 N-\T2 3 4356 7 89 ¢
N D[:I6:(I):]ED 25+1= 8
(c) Combined (=] 6[7 =7 N/2
_ B N Ny
UNxU(2) guni] ,<25“ N s =X 0%
Multiplicity 'f‘f@f S =6 E[E|:1|]:|:| a5t =6 4 FHFH
[ 11 (=1 (>-1=5 (16.21=2 N+2S N-2S
Jy’ LT 28+1=5 EF'I' 25+1=5 25+1 5 N/2 [ ’ }
<+——> /[3,0]1=; J4.1]= _ 2 (2S+1)€ 2 2
N-25 B =
EALTAR o 25+1=4 X\ HH 28+1= 4 2S+1 4 S
2 (12,0]=; (Bi11=3 5[4 2]—
= 25+1=3 % H S+1=3 2S+1
1101 211 < i < b ZS” ; 87654321
25+1 2 N 25+1=2 H AI5+122 /25+1 , \ HH e
e’—l 2.21=; (3,31 2 50432
25+1=1 25+1=1 28+]1=] 25+1= ] 413021
21=7 22=4 23=8 2¢4=16 29=32 20=64 27=128 28=128

Fig. 23.3.2 Spin-1/2 and U(2) Tableau branching diagrams
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Magic squares - Intro to Young Tableaus

S=2 5/21/22l 5/2 1/2 5/21/2 l 5/2 ll/2
Mo =1 =Cin 121 172 /B +C33 i /2 1/2
5=
+C3/2 1/2 2 :I l l 3/2 Ill/z +C3/2 1/2 2 :I 3/2 l1/2
1/2 1/2 1 ] 1/2 1/2 3/2 -1/2 1 :| 1/2 1/2
112 j+12 Jtm+1 12 j+12 J—m 2 1
Chi = \, 2j+1 Chai 1 = 2j+1 C13/22 ig = \/; C13/22 ig = \/;
: example:
C 12 2 ]_m+1 A2 2 _ Jtm+2 C32 2 2 _\/I 31212 2:\/2
| m  1/2 m+1/2— 2]+ 3 m+1 —=1/2 m+1/2 2]+ 3 172 12 1~ 3 172 1/2 1 3
(a) Permutation 1 o (b) Spin 9 9
U(N)DSN 1 8 U(2)2S8) g8 8
Multiplicity ! L 3% Multiplicity 7 77
] 1 6 27 0S—2gs] 6 6 6 2131415
plow] 5 20 75 B 5 5 5 5 1121314
1 4 14 48 4 4 4 4
1 3 9 28 90 3 3 3 3 3 514 3]|2
1 2 5 14 42 2 2 2 2 2 a2l 30211
1 2 5 14 42 1 1 1 1 1 [7 0l 2S+1 9
T 2 3 4 5 6 7 8§ 9 10 N-T 23 456 7 809 ¢
N D[:I6:(I):]ED 25+1= 8
(c) Combined (=] 6[7 =7 N/2
_ B N Ny
UNxU(2) guni] ,<25“ N s =X 0%
Multiplicity 'f‘f@f S =6 E[E|:1|]:|:| a5t =6 4 FHFH
[ 11 (=1 (>-1=5 (16.2]=2 N+2S§ N-2§
Jy’ LT 28+1=5 EF'I' 25+1=5 25+1 5 N/2 [ ’ }
<+——> /[3,0]1=; J4.1]= _ 2 (2S+1)€ 2 2
N-25 B =
EALTAR o 25+1=4 X\ HH 28+1= 4 2S+1 4 S
2 (12,0]=; (Bi11=3 5[4 2]—
= 25+1=3 X H S+1=3 2S+1
(11.01= (12.1]= < 6[3»2 < /1 3] 1 ZSH 3 8 -7:6-5-4-3-2-1
25+1 2 N 25+1=2 H AI5+122 /25+1 , \ HH e
e’—l 2.21=; (3,31 2 5413712
25+1=1 25+1=1 28+]1=] 25+1= ] 4 32| 1
21=2 22=4 23=8 24=16 29=32 20=64 27=128 28=128

Fig. 23.3.2 Spin-1/2 and U(2) Tableau branching diagrams
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Magic squares -

Intro to Young Tableaus

S=2 5/21/22l 5/2 1/2 5/21/2 l 5/2 ll/2
Mo =1 =Cin 121 172 /B +C33 i /2 1/2
5=
+C3/2 1/2 2 :I l l 3/2 Ill/z +C3/2 1/2 2 :I 3/2 l1/2
1/2 1/2 1 ] 1/2 1/2 3/2 -1/2 1 :| 1/2 1/2
12 j+1/2 Jtm+l 12 j+12 J—m 2 1
Chi = \, 2j+1 Chai 1 = 2j+1 C13/22 ig = \/; C13/22 ig = \/;
: example:
C 12 2 ]_m+1 A2 2 _ Jtm+2 C32 2 2 _\/I 31212 2:\/2
| m  1/2 m+1/2— 2]+ 3 m+1 —=1/2 m+1/2 2]+ 3 172 12 1~ 3 172 1/2 1 3
(a) Permutation 1 o (b) Spin 9 9
U(N)DSN 1 8 U(2)2S8) g8 8
Multiplicity ! L 3% Multiplicity 7 77
T B A " 213]4]5
ol ] 5 20 75 B 5 5 5 5 1121314
1 4 14 48 4 4 4 4
1 3 9 28 90 3 3 3 3 3 51432
1 2 5 14 42 2 2 2 2 2 a2l 30211
1 2 5 14 42 1 1 1 1 1 [7 0l 2S+1 9
T 2 3 4 5 6 7 8§ 9 10 N-T 23 456 7 809 ¢
N D[:I6:(I):]ED 25+1= 8
(c) Combined (=] 6[7 =7 N/2
_ B N Ny
UNxU(2) guni] ,<25“ N s =X 0%
Multiplicity ?4:%]] St I=6 E[El:ll]:lj 25+ 7= e HFH
[ 11 (=1 (>-1=5 (16.2]=2 N+2S§ N-2§
Jy’ LT 28+1=5 EF'I' 25+1=5 25+1 5 N/2 [ ’ }
<+——> /[3,0]1=; J4.1]= _ 2 (2S+1)€ 2 2
N-25 B =
EALTAR o 25+1=4 X\ HH 28+1= 4 2S+1 4 S
2 /12,01 /B.1=3 5[4 2]
= 25+1=3 X H S+1=3 2S+1 2
/11.0]= /12.1]= < 6[3»2 < /1 3] 1 ZSH 3 Q-7:6-5-4-3-2-1
25+1 2 N 25+1=2 H AI5+122 /25+1 , \ HH e
e’—l 2212 (331 ol STA41312 1y
25+1=1 25+1=1 28+]1=] 2S+1—] 4| 32| 1 _
21=2 22=4 23=8 24=16 29=32 20=64 27=128 28=128

Fig. 23.3.2 Spin-1/2 and U(2) Tableau branching diagrams
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Magic squares - Intro to Young Tableaus

Introducing U(N)

(a) N-D Oscillator Degeneracy { of quamtum level v (b) Stacking numbers
Principal Quantum Number — Dimension of oscillator
v=10 N=] o triangular
s numbers
V=1 \ K N=2 ® o,
V=2 1 N=3 ® o0 3 ® etrahedral
3 N=4 ® 000 “ »>0 numbers
"_): —
6
v-4 2 N-5  © eeee g ‘B 4
_7 1 510105 1

¥/1 61520156 1
1 7213535217 1
I 8 28 56 70 56 28 8 1

(c) Binomial coefficients
(N-1+v)! _ N-170 ) _ IN-1+v
(N-1)!v! v N-1
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Magic squares - Intro to Young Tableaus

Introducing U(3)
(b) N-partzcle 3 level states ...or spin-1 states [1) = (1) =/~

m=+1
—|j=1
m()>

=1720)

m=

d3:2\
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(b) (U(3) (-1 states)
Para-symmetric

p-states
Anti-symmetric,

p? -states//

+2

+2

N
N\

fngular
pnomentuy
z-cgutpohent % 3
dAviN
: / 2 \\ \\
. \ |\ [2
-2 ' 113 NRE
. 217 Y

4

1,

(b) (U(3) (-1 states)
Anti-symmetric
(L=0)

Q

I

t\)v—/\l

¢

/

\

)

I

2

3

M=0

Anti-symmetric
p’-states (L= 1

2
3

P—

l
2

M=+1
M= 0
I
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(b) Body or Particle
Based Operators

(a) Original state
Il):l]a 2p 3¢ )

(b) Lab-fixed

particle-3-cycle (120°rotation r)
[r)=r{1)

=(abc)| 1,,2p,3, )

=1.,2,,3, 2,.3.1,)
=F|1)=[132]|1,,,2), ,3,.)

(d) Apply to (b) (e) Apply to (b)
particle-2-cycle lab-2-cycle
i=(ab)

(¢c) Particle-fixed
lab-120°rotation v

i;r’=(ab)(abc) ij_r=[12][]_32]
o)=i =[23]=i,
(f) Apply 1o (c) (8) Apply to (c)
particle-2-cycle lab-2-cycle
(a)FF undamental .

P-triplet [10] [P

~
(b)Symmetric  (c)Anti-symmetric
D,S sextet [20]  P-triplet [11]

3| (d)Para-symmetric
P octet [21]
212)(e) Anit-

3| symmeltric

S singlet
1 2 [111]
13
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Iensor operators for spin-1/2 states: QOuter products give Hamilton-Pauli-spinors

CG-Products of spin-1/> ket-bras‘{f ><},ﬁf‘ } give scalar/vector operators analogous to: ket-kets
k_~ ~21u2d12\ ) v2l( . J (121/2)\ _ 1212 J [ 172\] 1/2
Tq = %le m | m ><_m2 ( 1) % analogous to: { M > _mEm le my M| m, >‘ m2>
12772

10 NG 0 0

_ | /2 1/2 1/2 1/2 1/2 1/2 _| /2 1/2
-1/2 1/2 1/2 1/2 —-1/2 ~1/2 || 1/2 -1/2

a2\ _|12\] 12

| 12/ 12
: | o ) | L@ _ L2\ 2N L] 2] 12
analogous to: =~/ )T e/ e

0
1arzey2)\ | 12\| 12
1 —|-12/]-12

_1[
TR

o__ 110
O Ll o1

__ U2\ w2, 12 1/2 analogous to: ‘0(1/2®1/2)>_ l‘l/2> 1/2>_|_-1‘ 1/2>‘ 1/2>
] 12 1/2 ~1/2 —“1/2 11 0 P12/ -12 S22/ 12
1st three operators are a vector set with following Cartesian combinations:
YA Tl 4+ 7! .
T =——L 1 =—j—1 "1 T =-T! Some old friends!
X \/5 y ! \/5 z 0 ( )
_Lfo 1 _ 1[0 i _1(ro . | 01 o | 0 i 6.l 10
21 0 J2li 0 J210 1 10 ) v i 0 ) 2700 -1 )
1 1 1
=—0 =—0 =—0
2 2 N
E\/EJ E\/EJ E\/EJ

Spherical vs. Cartesian operators

r=J_f2=(s,-u ) N2, m=u /N2 T = )2=(040 )2

Friday, May 3, 2013



Iensor operators for spin-1/2 states: QOuter products give Hamilton-Pauli-spinors

CG-Products of spin-1/> ket-bras‘{f ><},ﬁf‘ }+ give scalar/vector operators analogous to: ket-kets
Lo, 7 (1201/2)\ _ 1212 J | 12\| 172
q ZCZIZ }Z’; 1/2><-1"/1§ (—1) % analogous to: { M( )> = 2 le my M| my >‘ m2>
1y 51y
[ 00 -1 0 [0 1
T_l—[ e ] T) = I( ] T [ - ] ‘ }(1/2@1/2)> :‘ ig» }g>
:_| 1/2 >< 1/2 __L[ 1/2 >< 12| | 12 >< 1/2 ] |12 >< 12 |
1/2 [\ 1/2 LAl 2 N2 | =172 /\ =172 1/2 /\ =1/2 analogous to: ‘5(1/2®1/2)> \/_‘ £> }g>+\é‘ £>‘ £>
1ane2)\ _| 12\| 12
o__ 110 -1 | -12/]-12
O J2lo 1
v\ 2] w2 1/2 analogous to: ‘0(1/2@1/2)> ‘1/2> 1/2>_|_-l‘ 1/2>‘ 1/2>
2|2 N2 ] -2 A -2 ] 0 o/l an] T ol an/n
I st three operators are a vector set that transform like a vector set
1 T _ ’
R(0p0) T, R'(0Bo0) = T
\J \ \J \
cosg —sinﬁ COS — sing
B i —1/\/5 0 . i - 1 [cosf sinf
Ksm— COS — 0 1/\/5 —sin— COSE) 2\ sinB —cospB
1 1 1 1 1
=D}, (0B0)7, +Dy, (0807, 0 (0B0)T
\J \ \
—sinB(0 1) -1N2 0 sinf( 0 0
= cos 3 n
£ oo o 1/\2 L2 =10
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Iensor operators for spin-1/2 states: Outer products give Hamilton-Pauli-spinors

CG-Products of spin-'/> ket-bras‘{f ><Lﬁf‘ } give scalar/vector operators analogous to:

Tk =3 cV212k

mom, q

q

)

1/2
m

)

% analogous to: g

J (1/2®1/2)

M

)

> C

ket-Kkets

172172 J | 1/2
m; my, M| m

1/2
my

1)

" my,my
[ 00 i_ {10 (01
T_l—[ o ] TO—\/E( - ] T _[ - ] ‘ }(1/2@1/2)> :‘ ig» }g>
:_| 1/2 >< 1/2 __L[ 1/2 >< 12| | 12 >< 1/2 ] |12 >< 1/2
1/2 [\ 1/2 LAl 2 N2 | =172 /\ =172 1/2 /\ =1/2 analogous to: ‘ é(l/2®1/2)> _ i‘ £> }g>+\é‘ }g» £>
1a2ey)\ _| 12\| 12
TOO:—%(é ‘i] 1 =|-12/| 12
v\ 2] w2 1/2 analogous to: ‘0(1/2@1/2)> . l‘ 1/2> 1/2>_|_ -l‘ 1/2>‘ 1/2>
2|2 N2 ] -2 A -2 ] 0 —2 2/l -2/ Ty -z /e
I st three operators are a vector set that transform like a vector set so do .
| ; expectation
R(Oﬁo) T, R (OﬁO) = T values
l l l l T o)
Crotate s Jx J
cosg —sinﬁ cosz sinﬁ LR 3
_1/\/5 0 1 {cosB sinf
sinﬁ cosﬁ —sin — c:osé T /’ (7.,) g
0o 1/\2 2)  2\sinB —cosp)l D < )
e / J
=D}, (0B0)7; +Dy, (0BO) Ty +DL1(0B0) T, Vi v
d d d <JZ(6 — miaied)) = <J$>sin6 + (Jz>cosﬁ____ o
—sinB(0 1) -1N2 0 sinf( 0 0 X
= cos 3 n
£ oo o 1/\2 L2 =10
42
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Iensor operators for spin-1 states: U(1) generalization of Pauli spinors

CGC definition: Wigner 3jm definition:

B IR R 3 ) e T2 A |

m,m’

DOFGT L IERGFET L GFRE
s = TR TR, RG] e
000 0 0 0 i/Ne o 0 0 -1/\2 o 0 0 1
—>[o 0 o} SN2 00 o S0 2/ 0 Slo o 1/\2 e[O 0 o]
1 00 0o -1/J2 o 0 o 1/Je 0 0 0 000
I 1154 ) 1 5 L R D1 L1
o S A R T )
0 0 0 /2 0 0 0o —-1/\2 0
SN2 00 o S0 00 0 Slo o —1/\2
[ o 1/\2 o} [ 0 0 1/\/5} 0 0 0
o DG
e o 2o .
/3 0 0
S0 1B o
o o0 1/\3
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Iensor operators for spin-J states: U(2J+1) generalization of Pauli spinors
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Iensor operators for spin-J states: U(2J+1) generalization of Pauli spinors
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lensor operators for spin-J states: Application to splitting
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